Introduction
T w o m od els fo r sem a n tic in terp re ta tio n th at are cu rren tly bein g d e v e lo p e d are con strzu n t-ba sed m od els (e.g. F en sta d et al. 1985, H alvorsen 1987) and p ra g m a tic k n o w led g e, is exp ressed 33 con stra in ts. T h e sem a n tic o b je c ts a ssociated w ith lin gu istic exp ression s in th e in te rp re ta tio n p rocess 3 ie elem en ts o f a sem an tic n etw o rk . M o r e o v e r , c o n s tr 2unts and o b je c t d escrip tion s p la y a m a jo r role also in the tre a tm e n t o f c o n te x t.
T h e sy ste m , ca lle d F A L IN , is b ein g d e v e lo p e d w ith the fo llo w in g pu rp oses in m in d:
F irst, I w a n t to in v estig a te and d e m o n stra te th e p ossibilities o f in tegra tin g s y n ta ctic, se m a n tic 3nd p ra g m a tic k n ow led g e in th e in te rp re ta tio n p rocess w hile still h avin g th at k n o w led g e in sep a ra te m od u les. S e co n d , I w a n t to in v estiga te the possibilities o f trea tin g d ia log u e p h e n o m e n a su ch as in d e x ica lity and co h e re n ce w ith in such a system .
T h e resu lts w ill b e u sed in th e d esign o f a larger and m ore general system , LIN LIN (th e L in k öp in g N a tu tra l L an gu age In terf2ice; see A h re n b e rg et al., 1986; A h ren berg 1987).
A s a p p lica tio n I h a v e ch ose n a sim ple d ra w in g sy ste m w h ere the h u m an pairtner can d ra w , m a n ip u la te and ask q u estion s a b o u t geom e trica l figures o n a screen. T h e reason fo r th is ch o ice is th a t a visib le d o m a in m akes it q u ite o b v io u s w h eth er the system is in te rp re tin g in p u ts co rre ctly o r n ot.
T h e sy s te m is still u n d er co n s tr u c tio n . T h e m o rp h o lo g ica l 2ind sy n ta ctic co m p o n e n ts are in o p e ra tio n w h ile th e sem a n tic co m p o n e n ts are still to be in tegra ted in the system and th e p ra g m a tic c o m p o n e n ts d o n o t yet exist. In this p ap er I th erefore co n ce n tra te o n th e p r o b le m o f exp ressin g and d istrib u tin g sem a n tic constradnts, i.e. the rules th at exp ress th e co n tr ib u tio n s o f lexica l and gram m aticeJ elem en ts to th e in te rp re ta tio n o f the exp ression s o f w h ich th ey are part. F irst, I give a sh ort o v erview o f the s y s te m 's a rch ite ctu re .
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System overview
T h e in tera ction w ith F A L IN is restricted to sim ple sequ en ces o f the kind th a t can be expressed by finite a u tom a ta . T h e basic sequences are, w ith the u se r's m oves first: Q u e s tio n /A n s w e r , In s tru c tio n /E x e cu tio n and A s s e r tio n /A c c e p ta n c e . T h e system m ay also ask question s o f the user in the p rocess o f in terp reta tion and in fo rm h im /h e r o f p rob lem s w ith the inp u t.
T h e system w ill alw ays try to classify an inpu t in term s o f th e illo cu tio n a ry ca tegories th at are allow ed. T h is cla ssifica tion to a large e x te n t d eterm in es w h a t a ction s the system w ill execu te and w h a t in form ation it w ill present to the user.
T h e smalyzer aind the k n ow led ge bases th at it heis access to are illu strated in figure 1. G iven a strin g su ch aa cirklarna (th e circles) the d ictio n a ry search w ill result in the stru ctu re ( l a ) . T h e first elem en t o f this stru ctu re, N , indicates sy n ta ctic ca te g o ry and the s e con d elem en t, ICirkel, identifies a lexem e set. T h e co n te n t o f the lexem e set m ay be ( l b ) w h ere ea ch d ifferen t item identifies a n od e in th e n etw ork . A t th a t n ode furth er in form a tion a b ou t this sense o f the m orp h em e ca n b e fo u n d . F or instan ce, (^C i r c le # ! m a y represen t th e geom etrica l co n c e p t o f a circle w hereas <k C ircle#2 m ay represen t the sense o f " stu d y circle " .
T h e L e x ic a l-F u n ctio n a l G ram m ar is a p h rase-stru ctu re gram m ar w ith ann otated fu n ction a l sch em a ta in th e style o f Kaplan<S^Bresnan (1 9 8 2 ). It d eviates in several resp ects fro m th e cu rren t th eory smd p ra ctice o f L F G , h ow ever. T h ere are no sem antic form s and n o a ttrib u te P R E D . Instead o f P R E D an a ttrib u te L E X is used. T h e value o f L E X is a lexem e set. A n im p orta n t d ifferen ce b etw een L E X and P R E D is th at L E X is n o t o b lig a to ry . C on seq u e n tly p rop erties such as coh eren ce and com pleten ess o f fu n ction a l stru ctu res are n ot d eterm in ed b y fu n ction a l in form a tion , bu t are indu ced fro m sem a n tic co n stra in ts a ssociated w ith o b je c t ty p e d efin ition s.
In the in terp re ta tion p rocess an input sen ten ce is assigned three structures: a con stitu e n t stru ctu re (c-stru ctu r e ), a fu n ction a l stru ctu re (f-stru ctu re) and a sem antic 98 Proceedings of NODALIDA 1987 -99 -stru ctu re (s-stru ctu re ). T h e c-stru ctu re is a p hrase-stru cture tree w hereas the other tw o stru ctu ru s are d escrip tor stru ctu res en cod in g in form a tion in term s o f a ttribu tes and V2dues. T h e f-stru ctu re en cod es gram m atical in form a tion , in p 2Lrticular in form ation a bou t gram m atical relations and m o rp h o sy n ta ctic features. T h e s-stru ctu re en codes in form ation a b ou t the inp u t sen ten ce regarded as a m essage. T h u s , it is n o t a sem an tic stru ctu re in a strict sense, since it represents a co n te x tu a lly adeq u ate in te rp re ta tio n o f the inpu t and co n te x tu a l feu:tors are used in its co n stru ctio n . P a rtia l stru ctu res for sentence (2) are sh ow n in figures 2a-2c. T h e con stra in ts on p rop er corresp on d en ces betw een c-stru ctu re and f-stru ctu re are stated in the lex ica l-fu n ction a l gr2unm ar w hereas the con strain ts on proper corresp on d en ces betw een f-stru ctu re aind s-stru ctu re are in clu d ed in the defin ition s o f in d ivid u al o b je c t ty p e s and a ttribu tes. A ls o fu n ctio n a l attribu tes are assigned such con st radnts. I refer to these latter rules colle ctiv e ly as S y n t2u :tic/S e m a n tic corre sp on d en ces, o r S y n /S e m -c o rr e sp o n d e n c e s for sh ort.
T h e d om a in k n ow led ge o f the system is e n co d e d in a sem an tic n etw ork w ith d ata stru ctu res rep resen tin g o b je c t typ es, o b je c t instan ces and a ttribu tes. T h e o b je c t types represent co n c e p ts su ch as " circle " , " lin e" and " in stru ction " and carry in form ation a b ou t su p ertyp es and su b ty p e s, p a rt-w h o le relation sh ips and " p ro to ty p e s " . A p r o to ty p e expresses con stra in ts on the values o f a ttribu tes th at a ie allow ed for instan ces o f the ty p e. A s said a b o v e th ey also carry lin gu istic in form ation sp ecific to the ty p e. F or in sta n ce, the o b je c t ty p e for " circle" w ill con ta in the in form a tion th at it is in clu d ed in th e lexem e set ICirkel. T h e o b je c t ty p e for " in stru ctio n " w ill con ta in the in form a tion th a t an in stru ction can be co n stitu te d b y m eans o f an im perative utterem ce. S im ilarly, a ttrib u tes representing sem an tic roles con ta in in form ation a b ou t h o w th ey are exp ressed lin gu istica lly, w h eth er b y lexem es or gram m atica l relations.
A n o b je c t in sta n ce has a unique internal n am e and a d e scrip tio n . A n illustration is given in (3 ).
(3) C ircle29 : T h e role o f the classifyin g co m p o n e n t is to determ in e an a p p rop ria te o b je c t typ e for an s-structu re con stitu en t. S om etim es a T Y P E -d e s c r ip to r can be d e term in ed easily from the lexical in form ation , b u t there are several co m p lica tio n s, such as d isa m b igu a tion and the han dlin g o f headless phrases. A general requ irem en t is th a t, if a lexem e set heis been in d ica ted , the value o f T Y P E m ust be an elem en t o f th a t set. O th e r d escrip tors o f the sem an tic stru ctu re are required to be co m p a tib le w ith the TY P E J-descriptor a ccord in g to its p ro to ty p e .
T h e task o f the referent id en tifica tion co m p o n e n t is to d eterm in e referents o f the d escription fou n d in an s-stru ctu re con stitu en t. N ot all s-stru ctu re co n stitu e n ts will refer to an aJready existin g in d ivid u al, o f cou rse. F or these there is still a need to determ ine a m od e o f a p p lica tion o f the d e scrip tio n , i.e. the co n d itio n s u n der w h ich a referent w ill exist.
T h e sem antic stru ctu re eLSSOciated w ith a co n stitu e n t w ill n orm a lly n o t b e co n s tru cte d until the con stitu en t is ju d g e d sy n ta ctica lly co m p le te b y the parser, i.e. w h en an in a ctive edge is p rop osed for in tro d u ctio n in to the ch a rt. T h u s , a co n stitu e n t su ch as en svart fråga (a black q u estion ) m ay b e rejected b y the analyzer on th e grou nd s th at d escrip tion s o f question s ca n n ot con ta in d e scrip tors refering to co lo u r. Sim ilarly, sen ten ces such as (4) and (5) w ill be d isa m b igu a ted w hen sem an tic con strain ts are taken in to a cco u n t. F or instan ce, an a ctive edge span n in g the w o rd s fly tta cirkeln o f (5) and lo ok in g for a loca tiv e a dverbial can co m b in e sy n ta ctica lly w ith an in active edge spa n n in g the w ords i h orn et, b u t the p ro p o se d edge w ill be re je cte d on sem an tic grou nds, sin ce th e lo ca tio n expressed b y the latter w ord s w o n 't b e o f the a pp rop riate typ e for a m o v e m e n t a ction . 
Rules for syntactic/semantic correspondences
T h e relation b etw een s y n ta ctic stru ctu re and sem an tic stru ctu re is p erceived in different w a ys b y differen t theories. O ften som e form o f an isom orp h ism h yp oth esis is a d op ted . In form a l sem an tics and oth er sch ools auiopting a " ru le -to -ru le " -p rin cip le the corresp on d en ce is a d eriva tion a l corresp on d en ce, n ot a stru ctu ral on e. T h is app roach has also been used in natural language p rocessors, e.g. in the R o se tta p ro je c t (A p p e lo 101 Proceedings of NODALIDA 1987 NODALIDA -102 -et al. 1987 . O th er n atural language p rocessors rely im p licitly or exp licitly on stru ctu ra l iso m orp h y b etw een s y n ta ctic and sem an tic stru ctu res (e.g. L ytinen, 1987; D anieli et al., 1987) . W h ile I b elieve that sim ple o n e -to -o n e relations betw een syn ta ctic and sem an tic elem en ts are su fficien t to o handle sim ple language fragm en ts, I also feel th a t there are lim its to such a m e th o d o lo g y . T h ere are s y n t2Lctic con stitu en ts that co rresp on d to n o sem a n tic o b je c t (e.g. form a l su b jects and o b je c ts ), there are those th at co rresp on d to m ore than on e sem an tic o b je c t (e.g. locu tio n a ry and illocu tion ary co n te n ts) and there are ca ses w here several sy n ta ctic con stitu en ts relate to one and the sam e sem a n tic o b je c t (e.g. id iom s, a d je ctiv a l a ttrib u te s). Such stru ctu ra l m od ification s are easily exp ressed b y d escrip to r sch em a ta. M o re o v e r, semauitic sch em a ta can be associated w ith s y n ta ctic o b je c ts and, in th e oth e r d ire ctio n , fu n ctio n a l sch em ata can be associated w ith sem a n tic o b je cts . A lso , d e scrip to r sch em a ta can be aissociated w ith co n te x tu a l fax:tors in very m u ch the sam e w ay as th ey are associated w ith syn ta ctic o b je cts .
A n o th e r q u estion is w h a t sy n ta ctic con stitu en ts sh ou ld be con sidered relevan t for the co r resp on d e n ce rules. H alvorsen (1983) defines the corre sp o n d e n ce s in term s o f tran sla tion rules w h ich a ssociate fu n ction a l stru ctu res w ith sem an tic stru ctu res. T h e sem an tic stru ctu res h ave q uite a restricted fo rm , h ow ever, (equ ivalen t to form u las o f illo cu tion a ry lo g ic ) and em p lo y on ly a lim ited n u m ber o f a ttribu tes.
H alvorsen (1 9 8 7 ), on th e oth er hand, states the corre sp o n d e n ce s already at c-stru ctu re level. T h e co rresp on d en ces b etw een functionaJ and sem an tic stru ctu res are ca p tu red by m eans o f a p r o je c tio n o p e ra to r, cr. T h e p ro je ctio n o p e ra to r takes fu n ction a l structures as argu m en ts and return s the corre sp o n d in g sem an tic stru ctu re. A sch em a associating the su b je c t co n s titu e n t w ith the first a rgu m en t o f a verb is w ritten as in (6 ). (6) {{a T) A R G l ) = ( ct( t S U B J )) S chem as o f this kin d are a tta ch ed b o th to lexical entries and to rules in the graunmar.
A sch em a su ch as (6 ) w o u ld b e a tta ch e d to every verbad stem in the language that allow s this co rre s p o n d e n ce , i.e. the great m a jo rity o f verbs. T h e lexical en try for the verb a l stem kick is specified as fo llow s {ibid. p. 9 ):
T h e re are som e d isa d va n ta g es w ith this m e th o d , h ow ever. -104 -to the relevan t n od e in the n etw ork. F o r instan ce, the m orp h em e ta (tak e) is a ssociated w ith a L E X -v a lu e , !T ak e, th at have a fairly large n u m ber o f differen t senses. In this set w e w o u ld also fin d the a ction & T a k e -a w a y , expressed in Sw edish as ta bort. T h is item is d istin gu ish ed from all the oth ers in the sam e set by a special co n d itio n on fu n ctio n a l stru ctu res expressin g it, i.e. th at it con ta in s the tw o d escrip tors in (10) at to p level. H ere, P R T is sn a ttrib u te represen tin g a verbal p article.
A fu n ction a l stru ctu re m a y corre sp o n d to a co n te n t stru ctu re in tw o differen t m odes. I d istingu ish a co n stitu tiv e (or illocu tion a ry) m o d e fro m a strict (or lo cu tio n a ry ) m od e.
T h e u ttera n ce o f an exp ression con stitu tes an illocu tion a ry a ct, i.e. 
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